This report describes an accurate, reproducible, and efficient microassay for human interferon, using a dye-uptake method to quantitate cytopathogenicity. The antiviral activity was measured by using a Gilford 300-N microspectrophotometer, with the automatic programmer, sampler, and data lister. Two hundred interferon samples, each in a final volume of 1.0 ml, may be analyzed and recorded in 45 min. The reproducibility of a laboratory reference interferon and the human international reference B 69/19 on two different cell lines, using the model Q Oxford sampler, was found to be excellent, with the standard error of the log10 geometric mean of both references +0.04 to 0.06.
As the study of interferon (IF) has rapidly increased, the need for a sensitive, reproducible, and efficient assay has become apparent. The inherent variability of cellular metabolism in a biological assay, as well as the technical complexity of the study of IF as a whole, has presented some disadvantages in most of the IF assays in use at the present time. The dyeuptake assay for viral cytopathogenicity (4) has helped to eliminate unintentional subjective observer bias involved by the visual determination of cytopathic effects, and this technique has been used successfully in our laboratory the last few years (8) .
We have adapted our assay to a micro tissue culture system, resulting in an improvement in reproducibility and sensitivity. In addition, smaller amounts of the test material are consumed and a considerable saving in time and cost of materials is achieved. This communication describes techniques and materials used and reproducibility of the results using two reference interferons and discusses ways to eliminate possible sources of error in a microassay of human IF.
MATERIALS AND METHODS Cells and reference interferons. Neonatal human foreskin fibroblasts (HFF) were prepared as previously described (8) . A (11), pH 4.2, was added to each monolayer by means of a 2-ml micrometer dispenser (Cole-Palmer, Chicago, Ill.) to fully develop the acid color. To complete cellular elution of the dye, the plates were placed in the dark at room temperature for about 30 min.
The contents of each well were carefully mixed with the Oxford sampler and, using the reverse mode, a 0.1-ml aliquot was discharged into a disposable glass test tube (12 by 75 mm). Each sample was diluted with 0.9 ml of alcoholic Sorensen's citrate I buffer from the micrometer dispenser. Using the sample programmer and rapid sampler modules of the Gilford spectrophotometer system (Gilford Instrument Laboratories, Inc., Oberlin, Ohio), each neutral red dilution was placed in proper sequence in the test tube racks of the transport system and 0.8 ml of the contents of each test tube was automatically sampled. The neutral red was quantitated on the model 300-N microspectrophotometer at 540 nm, and the optical density was automatically recorded and listed by the data lister.
The percentage of dye uptake (IF protection) per dilution was calculated and compared with the dye uptake of the control monolayers. The results were plotted on logarithmic probability paper to determine the IF titer at the 50% protection point and, in the case of unknown samples, the IF titer was converted to international units of interferon per milliliter.
RESULTS
Reproducibility of cell seeding. To determine the variation in replicate aliquots of the fibroblast cell suspension, the 50-,ul sterile dropping pipettes were calibrated with RPMI 1640 + 20% FCS containing tritiated water. It was found that by carefully discharging each drop from a perfectly vertical pipette the resulting coefficient of variation was 0.01. Care was taken to exert a constant positive pressure on the pipette bulb and to discharge each drop without bubbles.
The We next tested the multiple repeating pipette, the model Q Oxford sampler, and compared the results with the former standard, but slower, method of using glass serological pipettes for serial dilutions. There appeared to be a difference in titer between the two methods of dilution ( Table 1 ). The data presented for HFF 123 included a comparison of six paired observations, diluting Ref-8 by these two methods, and resulted in a significant difference in titer (P < 0.02). There was also a significant difference in the international reference 69/19 when compared in a series of five paired observations under the same conditions and in the same series of experiments (P < 0.01). In the total series of observations, the IF titer was higher when diluted by the model Q Oxford sampler than by serological pipettes.
To investigate these observations further, a laboratory reference was diluted by the three methods and assayed in the same experiment on another cell strain (Fig. 1) . Again, a higher titer was found when diluted by the Oxford sampler as compared with dilution by glass serological pipettes, whereas the diluting loops gave markedly different results.
Reproducibility of the assay. When both IF references were diluted with the Oxford sam- pler, the SEM was 0.04 to 0.06 (Table 1) . Using glass serological pipettes for IF dilution, the SEM was 0.06 to 0.10 in this microtiter system, as compared with an SEM of 0.15 in our former method (8) .
Characteristics of virus challenge. Although the microtiter assay was reduced approximately 10-fold from our former method in almost all respects, a corresponding decrease in VSV challenge was not realized. The concentration of VSV for optimal reproducibility and sensitivity of the reference titers was at a multiplicity of 1 This microtiter assay is a conservative system and, coupled with the spectrophotometric recording of the total test monolayer, eliminates almost all of the disadvantages of other types of assays for IF. Although the time interval required to complete an assay has not lessened, the actual technical time involved has been decreased by more than 50% as compared with our former assay (8) .
The primary improvement in this assay is in the manner of performing serial dilutions. Initially, we planned to use spiral diluting loops (3, 10, 13) for the twofold serial dilutions and a flexible transfer plate (2) for the application of the dilution to the indicative monolayer. Experience with this method of dilution was discouraging. The necessity for a protein-rich medium resulted in bubbles in the dilutions. Even with the most exacting technique, IF titers were lower than anticipated and there was poor reproducibility. We found, as did Sassen and Kennes (9) , that, in using the microtiter diluting loops, each subsequent dilution was greater than anticipated, thus resulting in inaccurate and nonreproducible titers.
It is an accepted fact that protein adheres to the surface of glass and plastics. Inouye (7) discussed the relationship of this phenomenon to dilution assays in polystyrene microtiter plates. He demonstrated that, unless the sample is diluted in the presence of a carrier protein, the actual titer is less than anticipated. An FCS concentration of 5% was selected to allow for both adequate cell viability and ease of complete monolayer washing and draining because of the small surface area per microtiter well. layers are confluent and the cells are in a resting state. Thus, the cellular response is not partially affected by unrelated cellular metabolic events. Both Armstrong (1) and Dahl and Degr6 (3) demonstrated that, as the monolayers age and cell density stabilizes, the sensitivity of the assay also increases. Use of 50-,ul dropping pipettes for cell seeding proved to be as accurate for us as reported by Fuccillo et al. (6) and Tilton et al. (14) and is a rapid method for the seeding of the test monolayers.
Reports concerning the reproducibility of different IF assays, especially as related to human IF studies, are infrequent. Spina et al. (12) discussed the variability of the 50% plaque reduction assay using one human embryonic cell line. His technique for production of an internal reference IF standard closely paralleled our technique. The reported mean value in 22 consecutive assays of this IF was somewhat higher than our value, but the deviation from the mean was considerably greater than we demonstrate. In 10 paired assays, a comparison between the internal reference IF and the international reference 69/19 showed the same proportional difference in titers as compared with our reported values, again with greater variability than we present. Using the dye-uptake cytopathogenicity assay, Finter (4) reported that the standard deviation of the results of 79 consecutive assays of a single preparation of mouse IF was 0.18 log units.
The major problem in establishing this microtiter assay was the method of spectrophotometrically analyzing and recording the cytopathic effect of antiviral activity contained in a total sample volume of less than 0.3 ml. The Gilford 300-N microspectrophotometer was capable of accurately determining the optical density on 0.1 ml of the sample after it was diluted to a final volume of 1.0 ml. The instrument was used with the test tube transport module to advance each diluted sample, the sample programmer to automatically aspirate the sample into the cuvette for analysis, and the data lister for automatic print-out of each sample's optical density. Thus, the quantitation of viral cytopathic effect, as demonstrated by the total cellular dye uptake in each monolayer, was accomplished easily.
Considering the normal cellular variation due to the physiological condition of the cells, the precision between replicate samples is very good, as seen in the monolayer controls demonstrating 100% cellular protection. The precision in replicates of the 0% protection controls is not as good. This is because the virus destruction of the monolayer decreases the number of cells available for neutral red uptake.
The practicality of this microassay should not be overlooked. Subjective technical bias has been eliminated. Use of the model Q Oxford sampler greatly facilitates the ease of performing accurate serial dilutions. Furthermore, in less than 2 h approximately 200 samples may be diluted, read, and recorded. In conclusion, we have found this method of IF assay accurate, reproducible, and sensitive.
